Decision support systems can play a role in improving the ability of decision makers to act as utility maximizers in crisis situations. This paper demonstrates the ability of one such decision support system, GENIE, to help decision makers maximize their objectives in a crisis negotiation. GENIE is described in detail, followed by the presentation of preliminary experimental results evaluating its effectiveness in crisis management and abatement. The experimental results show that GENIE users, as compared to non-users, are more likely to identify utility maximization as their primary objective and to achieve high utility scores. Experiments in which GENIE users participate are also more likely to end in agreement among thc parties, rather than in an outcome in which one of the parties opts out of the negotiation.
Introduction
Decision makers are frequently overwhelmed by the vast amounts of information which they must consider. Often, they are forced to make partially informed decisions which ignore critical issues because of the complexity of the situation being analyzed. This tendency becomes even more pronounced in situations of crisis.
In international relations, for example, the characteristics of a crisis include threat to basic values, finite time for response, and high proba-bility of involvement in military hostilities. These elements all contribute to the possibility that individual decision makers will be overwhelmed with detail and possibly unable to identify optimal outcomes [48] ). The vast literature of crisis decision making has shown that situations of intense crisis can create a reduced span of attention, cognitive rigidity and a distorted perspective of time (see [17] for an excellent review of the crisis decision making literature). These factors combine to make utility maximization difficult in a crisis situation.
Decision support systems (DSSs) can play a crucial role in the crisis decision making process by allowing the decision maker to navigate large amounts of information quickly and to explore interrelationships between factors which may influence the decision. A DSS can also facilitate the simultaneous evaluation of multiple positions in crisis negotiations. This can play a decisive role in real time negotiations by allowing the supported parties to rapidly formulate dynamic strategies and quickly evaluate their opponents' proposals. The basic argument in this paper is that the employment of a DSS by a crisis decision maker facilitates the identification of utility maximizing strategies on the part of an individual actor. 2 This paper tests the ability of one such decision support system, GENIE, to help decision makers maximize their objectives in a crisis situation and thus achieve utility maximization. GE-NIE ~ will be described in detail, followed by the presentation of preliminary experimental results evaluating its effectiveness in crisis management and abatement.
Related work on decision support and negotiation
Computer technology has been utilized in the aid of decision makers since the early 1970s. Eventually grouped under the heading of decision support systems (DSS), they come in a variety of different forms. They vary from relatively simple spreadsheet-like packages to state of the art blends of artificial intelligence and operations research technologies (these packages are detailed in the DSS literature including [44] [31] [41] [16] [45] [1] ). While the main thrust of the development of DSSs has been to aid managers in the business world, DSSs can be applied to a variety of different situations in which decision makers deal with complex and difficult decision tasks. 2 Note that our argument for the enhanced ability of a DSS user to maximize his/her utility does not imply the achievement of mutual benefit on the part of all parties to the negotiation. The latter is a more complex issue, which we address explicitly in some of our theoretical work on the strategic model of negotiation (see 3.2 below).
3 GENIE was developed jointly by the University of Maryland Institute for Advanced Computer Studies and Project ICONS of the Department of Government and Politics. It is an extension of the work presented in [15] .
One area in which DSS methodology has found increasing application has been the negotiation context. Specialized packages, referred to as negotiation support systems (NSSs), form a subset of the vast DSS literature. NSSs also come in a wide variety of different forms (for a review of some of the available NSS packages see [19] ). The methods used range from conflict analysis and mathematical models to artificial intelligence methodology. Approaches to negotiation support take three basic forms: support for the entire negotiation group; mediation support; and support for individual negotiators.
Support for entire negotiation group
A group of decision makers involved in joint problem solving may need to reach agreement and resolve conflicts under conditions where each of them may have incomplete information, different sub-goals, and different perspective on the problem. Conflicts may arise over differing assumptions about the nature of the problem the group faces, conflicting evaluation criteria, differences over which issues to focus on and in which order, and competition over the use of limited resources required by group members to solve their portions of the problem.
A number of NSSs have been designed to support the entire negotiation group, by allowing information exchange about decision makers' goals, assumptions and evaluation criteria. These packages are generally referred to as group decision support systems (GDSS) [43] .
Most GDSSs provide the group members with facilities to convey information, including features for representing members' positions; structured agendas that guide the group through a discussion of the conflict; utilities for problem definition; and structures to promote member participation (e.g., [33, 14, 20] ).
There are GDSSs that, in addition to providing facilities for information exchange, help the decision makers to generate arguments and justifications that the group members can convey to each other. One such package, PERSUADER [43] , uses artificial intelligence techniques (casebased reasoning) and decision theory methods (multi-attribute utilities). PERSUADER is able to incrementally propose modifications to proposal to help parties narrow their divergent views. It can help the parties communicate arguments and justifications and also suggest suitable arguments. PERSUADER is an intelligent DSS which learns from past negotiation cases and uses this knowledge as well as actors' preferences in determining the proposed compromise [43] .
Another package, DENEGOT [30] , is a distributed planning framework that bases conflict resolution on decentralized negotiation. Negotiation is viewed as a distributed search through potential compromises where each group member brings into the negotiation specific constraints on what it considers an acceptable resolution. It provides near-optimal compromises that can be achieved with tolerable amounts of computation.
Mediation support
Some NSSs have been designed to support a third party mediator or to act as mediators themselves by suggesting solutions to the negotiation problem. Representative of packages designed to support a third party mediator is MEDIATOR [18] . This NSS uses a data base-centred approach to consensus seeking. Each participant employs a DSS, PREFCALC, to form an individual utility analysis of the negotiation scenario. A mediator then assists in consensus seeking by aiding the players in building a group joint problem representation of the negotiation. Using this joint representation, a consensus is formed. MEDIATOR has been applied to hostage crisis situations in [9] . In these situations of intense hostility, players do not share their utility analysis. Instead, the human mediator creates the database based upon his/her understanding of the parties' positions.
NEGO [21] is an interactive system which uses multi-objective linear programming techniques to establish proposals from each of the individual participants. It then forms a sequence of compromise proposals based on relaxed participant demands. When a compromise proposal is produced that satisfies the revised set of demands, the problem is solved.
MCBARG [46] acts as a mediator by allowing the parties to examine and learn from the model and then to select a preferred outcome. The NSS then takes these results and finds a way to improve the status quo in terms of these preferences. The result is a single negotiating text which can be improved upon by utilizing it as the new status quo and running another iteration.
Two additional negotiation support systems which aid mediation, ISES and SAM [37] , have been developed by the MIT Project on Modelling for Negotiation Management. ISES allows users to transfer proposals, in the form of lists of parameters, and then run a simulation model to determine the effects of the proposals. SAM allows users to select important norms and then run a simulation to determine the outcomes to which these negotiation norms would lead. The parties can then take these outcomes together as a group and determine which best supports their negotiating goals.
DecisionMaker: the Conflict Analysis Program [10] makes use of conflict analysis methodology to determine possible compromise solutions. A single user could also ask DecisionMaker what the likely moves of opponents will be given a world state. DecisionMaker would take this state and determine how actors would manipulate it to reach one of the conflict equilibria.
Support for indiL~idual negotiators
A third approach to negotiation support is to provide support to individual negotiators. These systems represent stand-alone DSSs which are designed to aid one party to a negotiation in determining a successful course of action. Examples of these systems include NEGOTIATOR, MATCH and NEGOPLAN.
NEGOTIATOR [6] can be used as a standalone DSS or as a portion of a group decision support system when integrated with communication software. It was designed in a three stage process which first examined the value of multiple-attribute utility (MAU) methodology and then that of neural network learning techniques. The final form of NEGOTIATOR fused neural network and MAU methodologies.
Another product of the Project on Modelling for Negotiation Management, MATCH [37] , makes use of past precedent in supporting the negotiator. MATCH compares the negotiation situation with past situations and allows the user to determine what strategies have been used to what effect in similar situations.
NEGOPLAN [28] is an expert system shell designed to support a participant in a two party negotiation problem. It allows a user to define a model of the negotiation scenario using And/Or trees of Prolog-like facts. It then uses forward inference to anticipate opponent reactions to the user-proposed negotiating position. In this way, NEGOPLAN helps a negotiating party to try different negotiating positions and evaluate their consequences. NEGOPLAN has also been applied to a hostage crisis situation in [29] .
GENIE, the subject of the present article, is an individual negotiation support system. While GENIE can be used by all participating decision makers in a crisis situation, each application of GENIE by a player operates individually, without any direct relation to the other applications (although participants can communicate their findings with each other). Also, GENIE does not act as a mediator, since it does not attempt to locate a solution to the negotiation problem. It can, however, be used to support a self-interested mediator as experimental results will later show. For these reasons, it is most similar to NEGO-TIATOR, MATCH and NEGOPLAN. GENIE makes use of mathematical modelling techniques in order to aid the user in visualizing the negotiation situation and in considering what-if scenarios. GENIE shares the use of MAU modelling with NEGOTIATOR and the what-if approach with NEGOPLAN.
A comparison of GENII and NEGOPLAN
The usage of GENIE is most similar to NE-GOPLAN in that a user can explore various negotiation positions without making 'judgments' about the utility of the positions. GENIE and NEGOPLAN use different approaches to achieve the same goal. While NEGOPLAN uses artificial intelligence techniques to model the negotiation process, GENIE attempts to give the user a mental picture of the negotiation model through problem structuring and knowledge organization (See [34] for a detailed discussion of model visualization techniques for DSS). Both GENIE and NEGOPLAN require extensive work on the part of experts to define the negotiation model for a specific scenario. In GENIE this model is contained in the knowledge base module, whereas in NEGOPLAN it is contained in goal representation trees and rules.
A major function of GENIE is to present a complex negotiation model to the user in an easily understandable and organized manner. To achieve this, GENIE uses an interactive outline (see section 4.3) which presents the types of data in the model as outline topics and allows the user to interactively select the topics of interest. NE-GOPLAN takes a somewhat more complex approach by attempting to use the negotiation model to generate possible stages of the negotiations. One advantage of GENIE's method of model visualization is that it provides increased flexibility in the investigation of negotiating positions. Because NEGOPLAN uses forward chaining, a user must start with an initial position and then investigate subsequent negotiating positions in the forward direction. With GENIE, a user can investigate any position almost instantly. This allows forward, backward, or random evaluation of positions during the formulation of a negotiating strategy. It also allows a negotiator to use GENIE to quickly evaluate opponent proposals during actual negotiations. Also, GENIE allows the user to view an arbitrary set of negotiating positions simultaneously, within limits on the cardinality of this set which are imposed to insure comprehensible graphic output. This may not be possible with NEGOPLAN because of its sequential generation of negotiation stages.
GENIE also differs from NEGOPLAN in its full information stipulation. NEGOPLAN is more flexible and allows for changes of the issues and preferences during the course of the negotiation by the addition of new rules and metafacts. GE-NIE does not allow this type of flexibility. It is more useful for negotiations in which the issues, but not necessarily the value the parties assign to outcomes, remain static. What is lost in flexibility, however, is made up for in visualization ability for the user.
Scenario and negotiation model
The implementation of GENIE which was tested in this article contains knowledge base and interface modules tailored to a hostage crisis situation involving India, Pakistan and Sikh hijackers. The brief description which follows will help the reader understand both the design features of GENIE and the preliminary experimental results (for additional discussion of the model and the underlying crisis framework, see [25] and [23] ).
The hostage crisis simulation
We have already noted that in the field of international relations, crisis situations are among those which could potentially benefit the most from the implementation of a DSS, due to the unique co-occurrence of the conditions of time pressure, high stakes, and potential violent activity.
For the purpose of developing the GENIE NSS, a hostage crisis situation was chosen as a typical case of multiparty negotiation. The scenario is based on the hypothetical hijacking of a commercial airliner enroute from Europe to India and its forced landing in Pakistan. The passengers are predominantly Indian and the hijackers are known to be Sikhs. The hijackers demand the release from Indian security prisons of up to 800 Sikh prisoners (see [22] ). 4 The three parties must consider several possible outcomes: India or Pakistan launch military operations to free the hostages; the hijackers blow up the plane with themselves aboard; India 4 The original specification of the model was based on a Middle East setting involving Israel, Egypt, and Palestinian hijackers. The experimental results reported in this article used the India-Pakistan-Sikh model in order to minimize student bias during the course of the experiments (see Section 5 below). and the Sikhs negotiate a deal involving the release of security prisoners in exchange for the hostages; Pakistan and the Sikhs negotiate a safe passage agreement; and the hijackers give up.
The specific issues to be negotiated are the following: lndia-Sikhs:
Number of security prisoners to be released by India in exchange for release of all of the hostages.
India-Pakistan:
Indian request for logistical information to enhance probability of success of an Indian military operation. Indian request for assistance (or at least neutrality) during an Indian operation, to enhance probability of success. lndian request that Pakistan deny the hijackers press access in order to prevent them from publicizing their message. Pakistani request for Indian assistance during a Pakistan operation, to enhance probability of success. Pakistani request that India accept a Sikh offer.
Pakistan-Sikhs:
Hijackers' request for press access to publicize their cause. Pakistani request that the hijackers give up or reach an agreement for safe passage. Pakistani request that the hijackers accept an Indian offer. In the simulation setting, actors negotiate these issues until an agreement is reached or a player opts out of the negotiations by launching a military operation (India or Pakistan) or blowing up the plane (Sikhs).
Each party to the negotiation has a set of objectives, and a certain number of utility points is associated with each (see [22] ). Utility points were assigned in order to express a complex set of preferences in such a way that subtle distinctions can be made among them. In combining the range of utility points associated with each objective with the possible outcomes, a matrix is generated which yields a point output total for each outcome. We note that these payoff points are not utility functions (in the decision theory sense), but rather our description of the crisis. Each player will develop his/her set of preferences for the outcomes based on these utility points (see [8] ).
Time is incorporated into the model both as a reference point for the calculation of utilities and probabilities, and as a differential factor for the three parties. In general, time works in favour of the hijackers, and against India and Pakistan. Time impacts on the probability of success and failure of an operation to free the hostages (whether it is day or night, whether there is time to train a rescue team, etc.), on publicity for the Sikh's cause (regardless of whether direct press access is granted), and deterioration over time in India and Pakistan's internal and external images (for more detail on the Hostage Crisis Simulation, see [23] ).
The strategic negotiation model
In this section we will describe a strategic model of negotiation which is the basis for the development of the Hostage Crisis Simulation. Our framework is a model of alternative offers [36] which focuses on the passage of time during the negotiation and the preferences of the players for different agreements as well as for opting out of the negotiations.
We assume that there are three players: the 'Initiator' of the crisis -the Sikh hijackers (Sik);
the 'Participant' (against its will) in the crisis -India (Ind); and a 'Third party' -Pakistan (Pak). This model can be extended to any three player situations with similar characteristics [24, 27] . There exists a set of possible agreements between all possible pairs of players. 5 The negotiation procedure is as follows. The agents can take actions only at certain times in the set g= {0,1,2... }. In each period t ~ J one of the agents, say i, proposes an agreement to one of the other agents. That agent (j) either accepts the offer (chooses Yes) or rejects it (chooses No), or opts out of the negotiation (chooses Opt). Also, the third player who neither received nor made an offer may opt out of the negotiation (chooses Opt), or it can choose not to do anything (chooses Nop). 6 If the offer is accepted, without the third agent opting out, then the negotiation ends, and the agreement is implemented. Opting out by one of the agents also ends the negotiation. 7 After a rejection, the next agent then has to make a counteroffer, and so on. There are no rules which bind the agents to any previous offers they have made and there is no limit on the number of periods. The only requirement we make is that the length of a single period is fixed.
Formally, we denote by ~' the set of players, def i.e., .ae = {Sik,lnd,Pak}. We assume that the set Si. j, i,j ~d, i-~j includes the possible agreements between players i and j. We also assume that S o = Sj.i and denote the set of all possible agreements by S. If an agreement is never reached, and none of the players opts out, we assume the outcome to be Disagreement. If the players reach an agreement s ~ S in time t ~ 3-
we denote this outcome by (s,t). If one of the players opts out at time period t ~,Y-we denote this outcome by (Opt, t).
A negotiation strategy for an agent is a function from the history of the negotiations to the present move (see formal definition in [27] ).
In order to analyze such situations we use the notion of (subgame) perfect equilibrium (P.E.) (see [38] ) which requires that the players' strategies induce an equilibrium in any subgame [27] .
In analysing the Hostage Crisis case, we identified special conditions on the sets of possible agreements. In our case Sl,a,t,ak = ¢, i.e., there is no possible agreement between India and Pakistan that can end the crisis. There is only one possible agreement between the hijackers and Pakistan (hostages are freed and hijackers are granted free passage).
In the Hostage Crisis, the hijackers opt out by blowing up the plane. India or Pakistan opt out by launching a military operation.
7 In this model opting out is performed by one of the players, and not by an outside party. That is, there is no exogenous risk of breakdown of the negotiation as in [4] , and in this sense the model is closer to that of Shaked and Sutton [39] .
We assume that India holds W Sikh security prisoners and an agreement between the hijackers and India is a pair (Ssik,Sh, d) where Ssik,Si,,,l e N1, Ss~ k> 1 and Ssi k+s~,,d=W.
That is, an agreement between the hijackers and India is the division of the W prisoners between them. In the hostage crisis situation W = 800 (Sikh prisoners in Indian jails).
The last component of the model is the preference of the players on the set of outcomes. Each player has preferences over agreements reached at various points in time, and for opting out at various points in time. The time preferences and the preferences between agreements and opting out are the driving force of the model. Formally, we assume that player i=Sik,lnd,Pak has a preference relation (complete, reflexive, and transitive) I i on the set {{S o {Opt}} x ~} u {Disagreement}.
We have identified several conditions that the preferences in the Hostage Crisis satisfy. We assume that these conditions are known to all players. That is, we have developed a model of complete information. An extension of this model which deals with incomplete information is described in [27] . A0. Disagreement is the worst outcome.
A1. The prisoners are desirable:
For any s This is a model of constant cost of delay [36] and not of time constant discount rates which is more common in economic models [4] . A3.
A4. .37, ((Ssik,Slnd),tt)l~nd((rsik,rt,,d),t2)
iff
The hijackers, through period 10, prefer any agreement later rather than sooner. In particular, the hijackers have two constants Csi k The hijackers and Pakistan prefer any possible agreement over opting out. In the first period there is at least one agreement between the hijackers and India which all players prefer over opting out.
Previous work on models of alternating offers (see, for example [36] . [39] ) assumed that time is of value to all parties. The Hostage Crisis is a situation in which one side (the hijackers) gains over time, while the other side (India) loses over time. Another example of such a situation occurs when a company contests a government attempt to restrain its advertising of a harmful product -the longer the company can tie up the issue in court and continue to advertise, the more units it can sell: conversely, the longer the case drags on, the more the consuming public (the government's "client") will be harmed by continued consumption of the product. m Shaked and Sutton [39] considered the case where the players" preferences for opting out versus an agreement change ill a stationaD' manner.
A5. Preferences for agreements:
While the Sikhs prefer any agreement between themselves and India (victory for the Sikhs) to any agreement between themselves and Pakistan (i.e., defeat for the Sikhs), both India and Pakistan prefer a Sikh/Pakistan agreement at any time to any Sikh/India agreement or opting out. The above assumptions (especially A2 and A3) demonstrate that time is an important element in the strategic model [27] . Specifically, we propose that although the hijackers gain utility over time, there is a point at which the process is reversed and the hijackers begin to lose over time (in the Hostage Crisis, this can be due to factors such as a shift in media sympathy from the plight of the Sikh prisoners to the deteriorating circumstances of the hostages on board the aircraft).
We have formally shown [24] that if there is a time period in which the hijackers start to lose over time and if the players use perfect equilibrium strategies, then agreement will be reached in this time period (period 10 in the Hostage Crisis scenario) between the hijackers and Pakistan (for a description of specific applications of the strategic model of negotiation see [25] ).
GENIE
GENIE 11 is a specifically customized version of a larger problem domain that focuses on nplayer, time variant negotiations with full information. Although GENIE was specifically developed with the hostage crisis in mind, its basic design allows for modification to handle any scenario of this type. In the past, we have modified GENIE to fit different hostage crisis scenarios including moving the hostage crisis from the Middle East setting to East Asia. Modifiability is achieved through the use of modular design as suggested by Fumfis [12] . GENIE was designed in it GENIE employs a menu-driven mouse-supported interface. |t is a DOS-based application written in Borland Turbo C 2.0 using the MetaWindows/Plus graphics too[kit and the C-Scape interface management system [7] . three basic modules: the knowledge base module (see section: 4.2), the interface module (see section: 4.3), and the display module (see section: 4.4). This design allows for the quick modification of the DSS by replacing the existing knowledge base with another one, in the same well-defined format, and thereby modelling a different scenario. ~2
Information in GENIE
GENIE assumes full information on the part of all parties to the negotiation. That is, the players have full knowledge of their own objectives and their associated utilities, as well as those of their opponents. Although the decision to assume full information was made in order to simplify aspects of the original strategic model of negotiation upon which this DSS is based, 13 there are strong justifications for its application in this case. First, while there is complete information about objectives and outcomes, there is incomplete information about the state of the world. That is, the content of bilateral messages exchanged by players is not known. In the hostage crisis scenario, the extent of information shared between India and Pakistan is not known by the Sikhs. Second, in crises involving actors which are participants in long, protracted conflict situations, there is a high degree of knowledge about the objectives and utilities of the other parties. That is, the hostage crisis situation is not among parties which have been randomly thrown together. Rather, the participants have interacted in a conflict situation over a long period of years, and are well known to each other.
~e Radical changes to the scenario may also require changes to the interface module. Currently, modification of GENIE requires a programmer to recompile the code after changes to the module have been made. Work is proceeding on the creation of a DSS generator which will provide for automatic modification by the end-user.
~ A detailed description of the strategic model of negotiation can be found in [25] . This model was extended recently in [27, 26] to formally analyze situations where the players have incomplete information about each other.
Finally, both the experimental work which has been initiated with GENIE, as well as its training function, require that complete information on objectives and outcomes be provided. In particular, when individual players will be taking part in more than one run of the hostage crisis simulation, each time perhaps from the perspective of a different actor (India, Pakistan, Sikhs), it will be important that each time through we will be able to assume that they are working from the same knowledge base. The only way to ensure that is to provide all information to all players from the outset. Multiple plays with different roles is particularly useful when GENIE is used for negotiation training.
The knowledge base
The version of GENIE tested in this article contains a knowledge base tailored to the hostage crisis situation. The knowledge base contains full information regarding the objectives of the three players and how each of six possible outcomes impacts on these objectives. It also contains information regarding the effects of world state parameters -such as time and the Sikhs gaining access to the press -upon the ability of the parties to achieve the relevant objectives (for a complete listing of these objectives and the associated point totals, see [22] ).
When a query is made to the knowledge base, multi-attribute utility (MAU) analysis methodology is utilized. The value of each objective is determined given the outcome and world state the user is considering. These values are then tallied to produce a utility score for that actor for that outcome given the state of the negotiation.
MAU methodology is widely used in negotiation support technology in such packages as DecisionMap, ExpertChoice and Aborist [2] as well as the NSS, NEGOTIATOR, discussed above. Despite this wide use, the method has been criticized. Three major criticisms were offered in [42] , First, MAU requires that all criteria be mutually ~' 5;;~i ~ ~ ...... Fig. 1 . The GENIE inlerface.
exclusive and independent. Second, differences in culture make it difficult to accurately assess the preferences of the other actors. Third, the technique provides a static view of negotiation and does not allow alteration of the preferences during the course of negotiations. M A U analysis does not claim to produce perfect modelling of the negotiation situation• However, it is unlikely that human decision makers could do better than the simplifications offered by MAU methods when complex and interrelated criteria are involved. Human negotiators would also share the difficulties associated with determining preferences of actors of different cultures.
As for the static nature of the MAU model, G E N I E is currently implemented for a hostage crisis situation, a short term, high pressure situation in which preferences are not likely to change to any great extent. The G E N I E model does, however, allow the user to change world state parameters which affect the degree to which different outcomes satisfy each parties' objectives.
In sum, the MAU analysis utilized by G E N I E aids a decision maker in acting as a utility maximizer by providing a method for evaluating conflicting goals•
Interface
G E N I E is designed to be used by crisis participants who have little or no knowledge of computers, and who would not normally be expected to resort to their use in decision making situations. Therefore, the interface was designed to be menu driven and mouse supported• Among the advantages of menu-driven systems are the ease with which novice users can navigate powerful and complex systems, and the opportunity to use increasingly sophisticated features as the user's skill and comfort levels increase (See [40] ). The mouse allows flexibility when dealing with complex screens that have many fields. Overall, as we will see below, G E N I E provides all the features needed for negotiation in a single environment. G E N I E ' s interface presents the user with a main menu bar with five choices: SCENARIO, O U T C O M E S , MESSAGES, ACTIONS, and SYSTEM. Along with the main menu bar is an information screen which reports the current status of the simulation. Fig. 1 presents a display of the main menu bar, and the items contained in the five pull-down menus.
S C E N A R I O -produces a list of topics about which a user can get information, including a description of the current situation, the objectives of the various actors, the rules of the simulation, guidelines on negotiation strategy, and the method of calculating probabilities and 
4). MESSAGES -p r o m p t s the users for connection to the communications portion of the DSS (see below)
, allowing for direct communications among the crisis participants. ACTIONS -provides the users with a list of available options, some of which are irreversible, and some of which will have the effect of ending the simulation.
• SYSTEM -allows the user to update parameters and to exit the system, either permanently or for a break (in which case all changes to that point are saved to a file)• During the simulation, players negotiate through the exchange of electronic mail messages. Communications for the negotiation simulation are handled by the P O L N E T lI electronic conferencing system, designed to support the ICONS foreign policy simulations developed at the University of Maryland (See [5, 32, 47, 49] ). P O L N E T II allows simulation participants who are not face-to-face to communicate with each other and the game manager via electronic mail messages. G E N I E allows a player to enter the P O L N E T II environment and, by selecting the menu item MESSAGES, conduct negotiations, and then quickly return. Upon return, the envi-ronment is exactly as it was immediately before the call to POLNET lI (i.e., all options remain set the way the user left them). This facilitates the rapid evaluation of offers made by other parties as well as the dynamic formulation of negotiation strategies,
The following section presents a detailed description of the interactive outline, the operational heart of the GENIE NSS.
hlteractiL'e outline (outcomes')
GENIE is designed to provide the user with a clear mental picture of the model contained in the knowledge base. This is a difficult task since the model of the scenario being analyzed is complex, with numerous interdependencies among data objects. The task is further complicated when the model contains large amounts of numeric information. Research [34] has shown that images and symbolic representations are much more easily assimilated than is textual information. This would suggest representing the structure and content of the model in some symbolic form. The problem is then to find a concise symbolic representation for the model. 14 GENIE combines its data management and modelling capability in one mouse-supported screen (OUTCOMES) which enables a user to quickly set parameters for the viewing of information. This screen not only provides quick access to information items in the knowledge base, but also allows the user to form a mental picture of the entire simulation. With this outline, the user can then brainstorm and experiment with different options to form a personalized strategy for utility maximization.
One data management feature of GENIE ~4A different approach to this problem is taken by Pracht [341 who uses a frame based knowledge representation. This scheme partitions knowledge into discrete structures called frames. Each frame has a set of slots for holding clusters of related knowledge. Hierarchical relationships among frames are expressed as arcs between nodes in a tree. Our approach differs from that of Pracht in that we are exclusively concerned with aiding the decision maker in model visualization. Pracht's system devotes substantial resources to assisting the model developer.
which is critical to any successful DSS is the ability of the user to control the complexity of the queries and responses from the DSS. Novice users who ask the DSS simple questions should not be flooded with screens of complex charts and graphs. At the same time, advanced users should have the facilities to develop sophisticated strategic models. GENIE's interface allows a user to define one or more hypothetical states of the world and then to investigate possible future actions based on these states. The user can explore outcomes resulting from his/her own actions as well as those of his/her opponents. Also, a user can switch viewpoints to see things from the point of view of one or more of his/her opponents. This is possible, since the model assumes full information. A simultaneous display of these viewpoints allows the user to formulate a strategy which takes into account possible opponent actions. The system employs a model specific interactive outline with information categories which a user can select to see graphic information about the scenario. This outline gives the user access to the major model visualization and data management features of the system which include: multipie frames of reference, time variant outcome projections, and multiple world state definitions.
The interactive outline screen presented in Fig. 2 is organized into three main categories:
i'iewpoints, information items, and world states'. All of the model visualization capabilities of the system are contained within these three categories.
The ciewpoints section allows the user to specify the point of view for all subsequent queries to the knowledge base. The parties involved in the negotiations are listed. The user can interactively select one or more of these parties to define a set of viewpoints. When more than one viewpoint is selected, information corresponding to each is displayed simultaneously. This facilitates the development of strategies based on a comparative analysis of the outcomes for some or all of the parties involved.
Having fixed the viewpoint(s), the user can then move to the information items section of the outline. This gives the user a list of all of the possible types of information that can be requested during the course of the negotiations. As seen in Fig. 2 , the crisis may end in a deal for the release of Sikh security prisoners being held in India, a Sikh/Pakistan agreement for safe passage, the Sikhs blowing up the plane or surrendering, or an Indian or Pakistani operation. The user may select any number of these outcomes to investigate, again facilitating comparative analysis. In the case of an Indian/Sikh deal, the user must uniquely identify, the decision(s) to be investigated by specifying the exact number of security prisoners to be released in exchange for the hostages. Note that since the model contains information about decisions that can be made by any of the parties, each party that is supported by the system can ask for information about all decisions, not just those that he/she can personally make.
Once the frame(s) of reference and decision(s) are fixed, the user can then move to the world states section. Here, a user specifies parameters that define the hypothesized state of the world at the time the decision(s) previously specified takes effect. These parameters are time, press access, Pakistani behaviour in the event of an Indian operation, and Indian behaviour in the event of a Pakistani operation (these aspects of the model are discussed in the description of the Hostage Crisis Simulation in 3.1 above). They constitute aspects of the model which are negotiable among the parties.
The organization of the interactive outline reveals the main structure of the model by emphasizing the dependence of the decision(s) on the state of the world at the time they are made. The identification and investigation of these dependencies is a critical step in the formulation of a rational negotiating strategy. One of the powerful features of the system is that it allows a user to vary world state parameters. Often decision makers have some influence over the state of the world (i.e., they have influence over some of the parameters in the world state definition). During strategy formulation, a decision maker may want to find out whether it is worth it to expend energy to change the world state. For example, in the hostage crisis scenario, the Sikhs could decide that they will blow up the plane and kill all of the hostages. In this case they should try to influence the state of the world so that at the time of the action, they (or their cause) receive maximum benefit. Influencing the state of the world could mean waiting a certain amount of time or convincing Pakistan to allow press coverage. GENIE lets a user select multiple values for a given parameter and then simultaneously view the selected decision outcomes based on the different states. This provides the user with a powerful tool to evaluate the effects of differing world state variables upon the negotiation and furthers the possibility of utility maximization. 
Display module
GENIE provides the user with two differcnt graphic output options. A user can select information about outcomes for one specified time period. This results in the display of bar graphs representing the utility point totals associated with that outcome from the selected viewpoints given the selected world states as shown in Fig. 3 . These bar graphs provide the user with the specific point totals in an easy-to-read graphic output which allows the user to quickly evaluate the relative utility values of different outcomes. In addition to this information about point totals associated with outcomes, the bar graph display also provides the user with the exact probabilities associated with the potential outcomes of military operations (success, partial success, and failure), as well as the possibility of projecting expected utilities. ~5 In addition to these graphic functions, GENIE provides two analytical functions: the projection option and scratch pad.
The projection option
Successful negotiation requires that an agent identify actions that will be most beneficial to him/her while taking into account the possible actions/reactions of his/her opponents. A mutually beneficial resolution (MBR) to a negotiation scenario is a resolution which is beneficial to either all of the parties or some subset of the parties. In other words, MBRs are suggestions for possible compromise solutions to a crisis.
Identification of mutually beneficial resolutions is a computationally intensive task which would be difficult for a negotiating agent without access to automated support. This is especially true when the values associated with the outcomes are changing with time. For example, assume that India wants to evaluate the following four possible outcomes: Indian operation is successful, Indian operation is partially successful, Indian operation fails, and making a deal with the Sikhs to release a specific number of security prisoners. Moreover, assume that the agent wants to investigate these outcomes over 20 time periods. India would have to calculate the values of each of these outcomes for each time period for itself and for each of the other parties in the negotiation. This would require the Indian agent to make 2400 calculations. These calculations alone are burdensome and don't even account for the time needed to search for MBRs.
The projection option allows an agent to select outcomes to investigate and then displays information for those outcomes with high ranking payoffs. Fig. 5 presents a typical projection option display. This projection information can be automatically calculated for each of the players in the negotiation. Once the values are calculated and displayed the system searches through the calculated values looking for mutually beneficial resolutions. When an MBR is found, it is highlighted for easy identification by the user. The user can specify which sets of actors to consider in the MBR. The user can examine the MBR for all three players, or if it is determined in the course of negotiations that one player is a weak or irrational negotiator, the user can eliminate this player from the set and view the MBRs between only two actors.
is Expected utility provides a method for evaluating the outcomes of risky choices. The expected utility of an action is calculated by summing the products of the different possible outcomes of the action and their associated probabilities. This produces an average utility score for the action given the likelihood of different results.
The scratch pad
Before discussing the scratch pad feature, we must introduce the notion of reservation price.
The reservation price of a negotiating agent is the payoff that the agent can insure him/herself in the worst possible case. In a negotiation scenario, an agent who "leaves the table' is said to have opted-out of the negotiations. For example, in the hostage crisis simulation, the hijackers can opt-out of the negotiations by attempting to blow up the plane. Their reservation price is the payoff value that can be obtained from a worst case scenario of opting-out. Game theory suggests that a player involved in a negotiation scenario should construct a strategy based on his/her reservation price ( [35] ).
The scratch pad feature displayed in Fig. 6 helps a negotiating agent to compare the payoff obtained from a negotiated settlement with that obtained from opting-out of the negotiation. It automatically calculates a player's reservation price and finds the optimal time period for a player to opt-out of the negotiations. It also determines a negotiated settlement that has an equivalent or higher payoff than opting-out in the optimal time period.
For example, assume that in the India-Pakistan-Sikh scenario, the Sikhs propose a deal with India to release all of the hostages in exchange for the release of a specified number of Sikh security prisoners. It would be useful for India to know the expected return from alternative outcomes, launching an operation or the Sikhs blowing up the plane. They could then know the worst possible thing that could happen to them should they not accept the deal. The expected payoff from this worst possible event can be said to be the reservation price of the Indian agent. If the payoff from the proposed deal is less than the reservation price of the Indian player then the Indian player may choose to reject the proposal. 16 The scratch pad feature is an automated tool for calculating reservation prices. It allows a user to explore a specified range of time periods, 17 and calculate a reservation price based on values obtained from an expected worst case scenario of opting-out.
Modelling risk attitude
Attitude towards risk becomes an important consideration when a player is trying to predict the actions of an opponent. Seeing an opponent's options in a given situation does not give the user any idea about how the opponent values these outcomes. G E N I E has a feature which helps the user form an approximation of an opponent's view of the world. It allows a user to fix an attitude towards risk for each opponent in the negotiation. The values for attitude towards risk are: risk neutral, risk averse, and risk prone. It can be shown [[11] , p. 177-178] that a person's attitude towards risk determines the shape of his/her utility function. A risk averse person has a concave utility function, a risk prone person has a convex utility function, and a risk neutral person has a linear utility function. We use these functions in the models of risk attitude. Through the course of negotiations, the user can estimate the opponents' risk attitudes and then set the DSS to display the opponents' utility scores for risky outcomes given the associated utility functions.
~6 This depends on the risk attitude of the Indian player. A risk averse player may still decide to accept the deal even though the payoff is less than the expected payoff from the alternatives. See the discussion of risk attitudes below.
~7 Requiring the user to specify a finite range of time periods insures the tractability of the calculations.
El~aluation of design features of GENIE
The various features of G E N I E discussed above were designed to provide the user with powerful yet easily-mastered tools to increase his/her effectiveness as a crisis negotiator and thus increase the probability of achieving a utility maximizing outcome. The interactive outline allows the user to visualize the model and select information to be displayed. Graphic output facilitates the evaluation of alternative outcomes in different world states. The projections option helps the user find mutually beneficial outcomes, while the scratch pad feature determines reservation prices. These tools provide the user with the ability to understand and analyze the complex information contained in the model.
It would be useful to assess the extent to which the design features of GENIE facilitate effective crisis decision making. In the next section, we discuss experimental results designed to assess performance when the DSS is employed. But another strategy is to evaluate GENIE according to criteria set out in the literature of DSS design. One such list is provided by Shneiderman [40] -the eight 'golden rules' of dialogue design. 1. Consistency -All selections are made by clicking the mouse next to the item selected. When the user is finished viewing output, pressing escape returns the user to the main menu, regardless of which graphic or analytic tool has been used.
Frequent or adt'anced users can take shortcuts
-Use of a mouse-supported screen allows the knowledgeable user to jump around to make desired changes to a past request without going through each piece of information sequentially.
Euery action giues information feedback -When
an item is selected, a check mark appears. When graphic output is selected, the screen displays it. 4. The dialogue yields closure -When the user selects all information of interest, he/she can click on 'okay' to bring him/her to the analytical and graphic tools selection menu. 5. Errors are handled simply -Error windows are displayed with suggestions on possible corrections. 6. Reuersal of action achiet'ed easily -Simply' pointing and clicking on the selected item will turn it off. 7. Internal locus of control -All choices that can be made are clearly displayed in an easy-tovisualize format.
8. Short term memory load reduced -All information appears on a single easily organized screen, subdivided into sections with a limited number of items to consider in each. Pulldown menus, on-line documentation, fully-integrated communications software and text editor, and simplified exit and re-entry procedures are among the additional features enhancing the comfort levels for both novice and experienced users. Overall, GENIE's features mask the powerful computational and display technology in its design, allowing the user to focus on the analytic problem at hand without having to worry about the technology behind it.
Experimental results
Previous experimental work on the usefulness of decision support systems in the decision process have produced mixed results. A review of the management literature by Benbasat, DeSanctis and Nault [3] found that the DSS had a positive impact in some studies, a negative impact in others and produced mixed results in a third set. The negotiation support system literature has tended to be more system descriptive rather than experimental.
To examine the general proposition that GE-NIE helps negotiators to act as utility maximizers and thus to improve their performance in simulated crisis situations, a set of carefully designed experiments was conducted. The proposition would be well supported if experimental results showed that the users of the decision support system, as compared to non-users, placed more emphasis upon utility maximization in their negotiating goals and were more capable of realizing this goal in the negotiating situation. ~s A stronger is The experimental design proposed here allows us to focus explicitly on differences in both perceptions and performance between DSS and non-DSS users. An alternative design would have involved providing the DSS to all three participants in some of the experiments, and comparing their results to those of experiments in which none of the participants had access to the DSS. However, given our explicit focus on the DSS as a tool in enhancing individual utility maximization (see footnote [1] ), this latter design was rejected. motivation for utility maximization by the DSS users would not in itself guarantee that DSS users would be capable of actually maximizing that utility. The DSS user would also need to be capable of persuading the other players to negotiate an agreement rather than opt out, i.e., convincing them of the Pareto-optimal nature of the mutually beneficial resolution involving agreement. This ability should translate itself into higher utility scores for the group as a whole as well as for the DSS user.
Research design
Undergraduate students in senior level political science courses at the University of Maryland with international negotiation as a major theme were recruited for participation in simulation exercises based on the Hostage Crisis (see Section 3.1 above). This allowed us to evaluate the impact of GENIE on students who would be more advanced in their negotiating skills and more aware of the international context of such negotiations.
The students were randomly assigned to either a DSS or non-DSS treatment. The non-DSS students were not told of the existence of the DSS. Both groups were informed that they would receive a cash payment based upon the number of utility points they earned in the negotiation. The DSS students received two hours of training and practice on GENIE. Non-DSS participants received written materials including all the information that forms the knowledge base for the DSS, and took part in a two hour training program detailing how this information could be used to calculate the utilities of different actions from different viewpoints.
At the end of training, the students in both groups took identical quizzes to test how well they could calculate the utility of certain outcomes. The quiz was designed to test the subjects' ability to calculate the utility of different actions in different situations for all three roles, the probability of success in a military operation and the expected utility of opting out. The scores of the two groups differed by only three percentage points. A one-tailed t-test resulted in a p-value of 0.355 allowing us to conclude that there was no significant difference between the two groups. In training situations free from the pressure of the negotiation process, non-DSS subjects and DSS subjects performed equally well when determining the utilities of specific outcomes.
In light of experimental findings that skilled negotiators in competition with other skilled negotiators do not necessarily achieve higher outcomes for themselves than do unskilled negotiators facing unskilled opponents, it was decided that only one DSS user would be assigned per experimental simulation. Pakistan was selected to be the DSS user in the experimental groups. Pakistan in this scenario is an interested third party which can play the role of mediator and is, therefore, significantly different from the other two roles. All of the non-DSS students were randomly assigned to their roles. Finally, after the experiment ended, the participants were each given a post-simulation questionnaire which asked questions about motivation, strategy and information usage during the simulation.
Fifty-seven students participated in preliminary experimental runs of the Hostage Crisis Simulation. They were divided into groups of three, with each group having one Indian official, one Pakistani official, and one Sikh hijacker. In ten of these groups, the Pakistani player was trained on use of the DSS and had access to it throughout the simulation (treatment group). In the remaining nine groups, none of the players had access to the DSS (control group). Non-DSS subjects in the treatment and control groups were not informed of the existence of the DSS.
Analysis
A set of interrelated propositions guided our experimental work:
DSS users are more likely than non-DSS users
to identify utility maximization as their primary objectiL,e in a crisis negotiation situation. The underlying assumption here is that the DSS enhances the ability of a decision maker to explore options and compare the utilities of different possible outcomes. Crisis decision makers, faced with large quantities of raw information and short decision time, can use a 1-tail t = 2.02 p = 0.061 SD -1).9 SD = 1.7
Upholding principle 4.4 1.9
l-tail t = -3.62 p = 0.003 SD = 1.6 SD = 1.1 DSS to evaluate alternative outcomes, and thus improve their probability of achieving high utility scores. Non-DSS users, faced with the same mass of information and time constraints, may be unable to act as utility maximizers and will, instead, choose other, less objective and less quantifiable motivations.
One of the post-simulation questions asked participants to rank the motivations for their negotiation behaviour. Choices included maximizing their utility, upholding a principle, distrust of other players, and reaction to threats or incentives or positive statements by other players. It was found that DSS users were more strongly motivated by utility maximization than non-DSS users (t = 2.02, p = 0.061) (see Table 1 ). Non-DSS users tended to rank upholding principle more highly than DSS users (t = -3.62, p = 0.003). Since individuals were randomly assigned to the treatment groups, one can conclude that the existence or non-existence of the DSS accounts for this difference in motivation. The non-DSS users appear to have been overwhelmed by the vast amount of information available to them and the difficulty of calculating the utility of different actions under the pressures of the negotiation. This inability to calculate their utility during the negotiation led them to irrationally rely upon deeply held principles even though they were being paid according to the number of utility points scored. The DSS user, aided by the analytical tools of the DSS, was able to calculate utilities quickly and efficiently and was, therefore, able to act as a utility maximizer. 2. DSS users will achiet,e higher utility scores than will non-DSS users. Not only does access to the DSS encourage the actors to be motivated by utility maximization as a goal, but they will be more successful than their non-DSS counterparts in actually achieving higher utility scores as outcomes. However, as we will see below, the ability of the DSS user to achieve these higher scores depends to a large degree on the performance of its non-DSS crisis partners. As we see from Table 2 , the Pakistani players who had access to the DSS tended on average to score higher than the Pakistani players in the control group. The average score for a Pakistani with access to the DSS was 599 (out of a possible 1000) while the average for a Pakistani without access to the DSS was only 471. Due to the relatively small sample size, these results are not significant, but they are in the predicted direction. A MANOVA with dependent variables score, utility maximization and upholding principle and independent variable DSS found that the DSS had an effect upon score at a p = 0.083 level.
Experiments in which there is a DSS user present will produce higher overall utility scores (across all three players) than experiments with no DSS user.
In addition to facilitating the achievement of a higher score for the individual DSS user, the existence of the DSS should ensure an overall better result for all three of the participants in the crisis simulation (i.e., the sum of the outcomes of all three crisis participants). Our assumption is that the DSS user will use his/her superior ability to project data and examine outcomes to subtly move the negotiation toward a mutually beneficial resolution, since that is the kind of situation in which the DSS user's own utility is maximized. As a whole, the group tended to score higher when a Pakistani player with the use of the DSS was present (see the Group column in Table 2 ). When totalling the scores of all three players, groups in which there was no DSS user present scored on average 1397 (out of a possible 3000), while groups with a Pakistani player who utilized the DSS scored an average of 1610 points.
Experiments in which there is a DSS user present are more likely to end in agreement (as opposed to opting out) than are experiments with no DSS user.
Since the achievement of an agreement among the crisis participants yields the highest mutual utility point total, and since use of the DSS facilitates the examination of utility maximization strategies, we should expect experiments with DSS users to achieve agreements more often than experiments with no DSS user. Participants in experiments in which Pakistan had access to the DSS tended to reach agreement more often than those in which none of the players had access to the DSS. Of the ten simulations with the DSS, seven ended in agreement and three ended with one of the parties initiating military action. Of the nine control simulations, four ended in agreement and five in military action. A difference of proportions test found that the two resulted in a p level of 0.121. Although the difference between our experimental and control group is not statistically significant at our small sample size, we do observe that a higher proposition of agreements occurred in DSS sessions. This could lead us to the conclusion that Pakistani use of the DSS aided all three players in reaching an agreement. This result is particularly interesting in light of the fact that in none of the experimental sessions did Pakistan chose to explicitly share concrete information about the utility of various actions for one or more of the players and none of the DSS users chose to overtly disclose their possession of the DSS.
Summary of experimental results
In all, these preliminary experiments support the conclusion that GENIE can help a negotiator to practice utility maximization. Although sufficient information and training was given to the non-DSS subjects to allow them to calculate utilities at the same level as DSS users, in a high pressure negotiation situation, DSS users were more capable of utility maximization.
Possession of the DSS by a self-interested third party aided that party in maximizing its own utility as well as in raising the utility of the group as a whole. On average, DSS users tended to achieve a higher utility rating than non-DSS participants. Additionally, with the aid of the DSS, the Pakistani player was better able to achieve an agreement among the players than was his/her non-DSS Pakistani counterpart. Even those participants who did not have the DSS, but who participated in a simulation where the Pakistani player had access to the DSS, tended as a group to score somewhat better than those in the control group. DSS users were more likely to list utility maximization as a strong motivation for their negotiating behaviour than non-DSS users who were more likely to rely upon deeply held principles. The complexity of information under the pressures of negotiation resulted in non-DSS users behaving irrationally and relying upon deeply held principles rather than maximizing their utility.
Conclusion
Ghiaseddin [13] provides an in-depth description of the characteristics of a successful DSS. Such a system should have the following functional capabilities: modelling, data management, and support of all decision making activities. In addition, he states that a DSS implementation should provide personalized support, security and integrity, transferability, and evolving capabilities for the support of increasingly complex demands. In this article, we have attempted to demonstrate that the use of the GENIE negotiation support system can aid crisis negotiators in identifying utility maximizing goals and in developing strategies to achieve these goals. In so doing, it meets the criteria which Ghiaseddin has discussed. 19 The features of GENIE as they relate to utility maximization were reviewed and a set of experiments testing its effectiveness in a controlled environment was presented. The features of GE-NIE do provide the user with a strong set of tools which aid in the search for utility maximizing goals and strategies. However, in a complex negotiating situation, this identification alone does not guarantee that the individual will be able to be successful in achieving utility maximization. The actions of the other negotiators affect the ability of the DSS supported negotiator to achieve his/her goals. Despite this fact, the experimental results show that the DSS users generally achieved higher utility scores, and groups in which DSS users participated achieved higher overall group scores. 
